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Microfabricated Filters for Microfluidic Analytical 
Systems 


Bing He, U Tan, and Fred Regnier* 

Department of Chemistry , Purdue University, Lafayette, Indiana 

Solvent and reagent filters were micromacfained into 
quartz wafers using deep reactive ion etching to create a 
network of intersecting 1.5 x 10 /rm channels* When 
placed at the bottom of reservoirs with a side exit, this 
channel network behaved as a lateral percolation filter 
composed of an array of cubelike structures one layer 
deep. Flow through these filters was driven by electro- 
osmotic flow (EOF)* Silanol groups at the walls of chan- 
nels In the network provided the requisite charge to trigger 
EOF when voltage was applied laterally to the filter. 
Adsorption of canonic proteins in this sllanol-rich matnx 
was controlled by the application of a potyacty^de 
coating prepared by bowfingi^hyc^^ <NHS> 
activated poly<aciyfic acid) to ( y -aminopropyi)silane-de- 
rivatLced filters* Subsequent reaction of residual NHS 
groups in the coating with 2K2^moethoxy)ethanol 
provided channels of low charge density and adsorptrvity. 
These lateral percolation filters were shown to be effica- 
cious in filtering solvents containing a variety of particulate 
materials, ranging from dust to cells. 

The need to analyze increasingly smaller samples has stimu- 
lated great interest ia microtechnology. Affinity biodot arrays on 
planar surfaces^ 2 microfabricated reaction vessels,* capillary liquid 
chromatography and electrophoresis columns, 4 - 5 and a variety of 
sensors ranging from microelectrochemical' 6 and surface plasmon 
resonancebased devices to those exploiting a medley of waveguide 
technologies 7 - 9 are aU examples of efforts to accommodate smaller 
samples by miniaturization. 

An even more aggressive approach is to miniaturize and 
integrate aU the components of the analytical system in a 
microchannel network where sample preparation, sampling, 
chemical reactions, separations, and detectio n are achieved in a 
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single device. mx Among the more appealing features of this 
strategy are that 0) all the unit operations are integrated, 00 
reagent consumption will be very low, <m) sample volume will be 
small, Ov) analyte recovery would be maximized, (v) contamina- 
tion would be minimized, and (vi) many systems could be 
febricated and operated in parallel For this concept to be realized 
on a wide scale, it will be necessary to miniaturize the whole 
analytical system. This paper examines the issue of filtration in 
these microfluidic systems. 

At present, lithographic" embossing, and casting processes 
using a micromachined mask or molds 13 -" are the dominant 
technologies used to create the l-lOO-pm objects and channels 
on which these integrated systems are based. The fact that 
microchannels of less than 20-30 /on .are easily blocked by 
particles is a problem. These particles may be transported into 
the system in solvents, crystallize from samples while they are 
being held in reservoirs on chips, or arise from microbial growth 
in buffers during storage. Prefiltration would be helpful, but 
conventional filtration techniques require, orders of magnitude 
greater volumes than used in sample and solvent reservoirs on 
chips. This approach also fails to address on-chip particulate 
formation. Microffltration within the device would be a much 

better solution. 

Microfabricated filters have been described for trapping 
different cell types from blood, 15 but the objective was to harvest 
cells, not prepare particle-free solvents and samples. These filters 
were made by microfabricating arrays of rectangular, parallel 
channels on chips of a width and height that would not allow 
particles larger than the channels to enter the channel network 
along the axis parallel to the chip surface. This type of filter is 
similar to the frited glass or membrane filter devices widely used 
in laboratories to harvest particulate materials. Futration of this 
type will be referred to as axial percolation filtration because tt 
occurs by percolating liquid through a filter bed along the flow 
axis. Axial percolation filters are generally of high cross-sectional 
area at the point of filtration to provid e many parallel channels 
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